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Abstract-Pyrolysis of sodium pcntak&cnzoatc produced octafluoroxanthonc vu ~ctratIu~obenzy~. The 
product was charac~criKd by examination of IIS spectral propcflles. 11s reactions as a civbonyl compound were 
compared with tk of xanthone. A range of nuckophilic displacements of duonnc atoms was compared with similar 
reactions of other activated polyluoroaromaric compounds. 

The aim of this work was to generate tetrafluorobcnzyne The analytical figures and molectdar weight are in 
by the pyrolysis of salts of pentafluorobcnzoic acid. agreement with the formula C,rF& for which four 
Pyrolysis of orrho-halobcnzoates has been shown by structures may be written. 
several workers to be a route to bcnzyne.’ ’ which may be Comparison of the IR carbonyl stretching frqucncics 
trapped by tetracyclone to form a Dicls Alder type adduct.’ of a number of carbonyl compounds and their fluorinated 

However. benrync generated in this way does not react in analogu&“, suggests that fluorine substitution causes a 
many of the other ways common to this species. In fact, in shift of the carbonyl band of 40-60cm ’ to higher 
the absence of a trapping agent it tends to react with frequencies. Assuming a similar shift, one can estimate 
another bcnzoate ion to form a xanthonc.‘2~’ the expected carbonyl frequencies for compounds 1 to 

Work published” soon after the present work was carried 
out’ showed that the pyrolysis of sodium pcntafluoroben- 
zoatepve octalluoroxanthone (35% yicld.‘we obtained up 
to 52% yield’) presumably via tetrafluorobcnzync,’ but the 
pyrolysis of silver pcntafluorobcnzoate gave de- 
cafluorobiphcnyl (65% yield: we obtained up to 9096 
yield’) probably not via tetrafluorobcnzync but via 
pcntatluorophenyl silver.’ The present paper reports sow 
reactions and properties of octafluoroxanthoae which 
further confirm its structure. 

*Present address: School of Physical Science. Ulsta Cw, 
The Northern lrdand Polytechnic. Jordanstown. Ncwtownabbcy. 
Co. Antrim. 

4.‘“.“.” The estimated frqucncy for 1 is l&l@-1700cm-‘. 
The observed frequency is 1692cm-‘. The estimated 
frquenciczi for the other three compounds are ail hi&~ 
than 1720cmM’. In xanthonc and diphcnyl ethers, ether 
stretching frequencies are believed to occur at 1164, 
1212-1250 and 13C0cm”.” Bands at 1164, 1236 and 
1295 cm-’ in octafluoroxantbwc agree with these ftgures. 
fzoqmtiros wilh other polynMsoaro& com- 
pounda’&” indicates that aromatic ring freqmcic5 arc 
sum at 1664 IS17 and l49Scm-‘, and C-F stretching 
frqucaciec at 1194. 1122. 1077, 1047 and 981 cm-’ in 
oc-XMthocK. 

The UV absorption bands of octaflwxoxanthone at 
238-239 (e, 29,200). 262.5 (e, 8930) and 331 nm ft. 4280) 
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are very similar to those of xanthone’* (A,, 238 (E, 3900). 
260 (c, 11.600) and 337 nm (t, 6.5(@)), but dissimilar from 
Wse of anthraquinonc” and phenanthraquinom.” A 
spectrum of 3,4-knzocoumarin was not available, but 
would k unlikely to show tk quinonoid chromophore in 
tk 2&I-280 nm region.” The bands at 238-239 and 33 I nm 
may k assigned to the group Ph.CO.R.” 

‘The ‘T NMR spectrum shows four resonances of equal 
intensity, two with a chemical shift of 58 ppm indicating 
fluorine flanked by one fluorine atom and one different 
atom, and two with a chemical shift of 66ppm showing 
fluorine flanked by two fluorine atoms.‘* Only structures 1 
and 4 are compatible with these resonances. 

~itative tests for quinones”” were all negative, 
indicating tk absence of structures 3 and 4. Attempts to 
rcdnctively acetylate the carbonyl group with zinc dust 
and acetic anhydride did not give the expected oc- 
tafluoroxanthhydryl acetate” but a compound whose 
analysis. IR and UV spectra are consistent with its king 
~~uoroxantkne. 

The IR spectrum showed tk absence of carbonyl and 
hydroxyl bands, but the presence of a weak C-H stretching 
frequency at 2995 cm .‘. Otherwise it resembled that of the 
parent compound. The UV spectrum showed a similar 
relationship tooctatluoroxanthone as may k seen between 
xanthene and xanthone.” 

Reduction of ~t~uoroxantknc with lithium 
~uminium hydride resulted in some n~~philic dispiace- 
mcnt of fluorine atoms as well as reduction of the carbonyl 
to a hydroxyl group. The analysis figures of the product 
conesponded to a pentafluoroxanthhydrol. The IR spec- 
trum showed an OH band at 3330 cm ‘, C-H bands at 2925 
and 2841 cm“ and no carbonyl absorption. Attempts to 
prepare tk p-nitroknzoatt were unsuccessful. in view of 
tk expected positions of greatest activation of the fluorine 
atoms to nuckophilic attack, the compound is probably 
either 2,4.5,6.7 - penta!luoroxanthhydroI or 2.4.5.7.8 - 
pcntafluoroxanthhydrol. Attempts to reduce oc- 
tatluoroxanthone with hydrogen and Raney nickel were 
unsuccessful. 

NucI~phil~ displacement of fluorine with aniline gave a 

monoanilinoheptafluoroxanthone. The IR spectrum 
showed an N-H stretching frequency at 3268 cm-’ and an 
N-H deformation frequency at 1592cm ‘. The 
fluoroaromatic ring bands were shifted to lower frequen- 
cies at 1471, 1501 and 1651 cm*‘. Aromatic C-H bands 
were foundat 154Oand 1521 cm ‘.Thereduced intensity of 
the carbonyl band at W&cm ’ suggesls that substitution 
may k in the I-position. Tk shift in the position of tk 
carbonyl band from 1720 to l686cm ’ indicates possible 
hydrogen bonding ktween the carbonyl group and the NH 
group, again suggesting I-substitution. A similar reac- 
tion occurred with isopropy~mi~, but ~suktitution 
occurred to give a compound whose analysis and IR 
spcctnrm were consictent with it king a 
triisopropylaminopentafluoroxanthonc, 

The reaction of 10% methanolic potassium hydroxide 
with octafluoroxanthonc did not produce the ring opening 
which occurs with xanthone.” The reaction was exclu- 
sively a nuckophilic displacement of Ruo~ne by hydroxyl 
or methoxy groups. as happens in similar reactions with 
ftuoranil.a A yellow compound was isolated whose 
analysis approximated to tk dipotassium salt of a tetra- 
lluorodihydroxydimcthoxyxanthonc. This on acidification 
gave the colourkss hydroxy compound itself. The IR 
spectra of both these compounds resembled that of 
~taflu~oxanthone. The dihydroxy com~und showed a 
frequency shift of 3Q-40 cm ’ in the O-H stretching band 
indicating hydrogen bonding between the carbonyl group 
and hydroxyl groups in tk I and 8 positions.* The bonded 
O-H bands were seen at 3560 and 2616 cm ‘. The bands at 
2961 and 286Scm ’ may k tk methoxy C-H stretching 
frequencies. The discrepancy ktween tk observed and 
calculated molecular weights for this c~und may k 
caused by dimeriration owing to intermolecular hydrogen 
bonding. 

Chelation” was shown by the formation of colourcd 
complexes between tk dihydroxy compound and metal 
cations such as thorium, zirconium. vanadiumand cc&m. 

The unreactivity of the carbonyl group in oc- 
~uoroxantknc was shown by its failure to form 
derivatives with sodium bisulphite. 2&dinitropknylhyd- 
razine, scmicarbazide and thiosemicarbazidc. Xanthone 
itself will form a derivative only with thioscmicar- 
bazide.um This is inagreement with the reduced reactivity 
of carbonyl groups in other polfluoroaromatic com- 
pounds. ~t~uorox~tho~ did not react with phosphorus 
~ntasulphidc or thionyl chloride. The carbonyl oxygen in 
xanthone can k replaced by sulphu? or two chlorine 
atom?’ rcspcctively using these reagents. 

Cktafluoroxanthone, like xanthone,S was completely 
oxidiscd by potassium pcrmanganate. Unlike xanthone, 
octafluoroxanthonc was unaffcctaf by chromic oxide in 
refluxing acetic acid. Fuming nitric acid effected partial 
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oxi&tioo of octafIuoroxanthooc. but no identifiable 

products were isolated. 

-AL 

IR spectra were recorded on a Perkin Elmer No. 137 lafracord 
An auromatk recordin Unkam SP 7W instfumcnr was used for 
rhcdetuminaIioc~ of UV spectra NMR spectra wcrcdetcrmincdon 
an AEI RS2 specrrometcr. opcratirg at 60 MHz with trich- 
lordluoromcIhanc as the reference compound. Difiuhy was 

experienced in obtaining NMR spcclra owing to Ihc bw solubility 
of the compounds in suitabk solvcn~s. For the deItrminaIioo of Ihc 
mokcular weights of soids. a Mcchmlab Model MI osmomeler 
was used 

Prtporalion of 0cIa~uororanrhune. In a lypwal cxpenmcnr 
sodium pcntiuorobcnzoare (12.3 8) was pyrolyscd at ?Qo”c for 
1.5 hr in a sublimarion lube fitred uiIh a rldc arm and a roIaIabk 
bulb for gradual addltton of the s&urn salt. under vacuum ‘Ihe 
products were carbon dioxde (371 cm’, 75%) oclanuoroxanrhon 
(I.93 8. !?X). sodium fluoride (0.93 8. ml. an acerone-solubk 
residue (0.498) and a black inwlubk residue (I&8) (Found: C. 
554; H. Ololr). Lnreaclcd sodium ~nlafluorobcnzoale (7.278, 
58%) was recovered. YKlds are based on the amoun1 of sodium 
pcntafluorobcnroate reackd l!.l38. 4%). The impure oc- 
Iafluoroxanthonc was retublimed. recrysIallised twice from 
benzene and once from ethanol. It was boiled for 2Omin uiIh 
decolouri~ing charcoal, lihered. and rcrrysIallixd IO 81vc cobur- 
less ocIaRuoroxanIhonc (Found: C. 45.9: H. 0.0; F. 44.m; MW 
323 (CHCI,); MW 3S4 (acerone). C,,F.O, requires: C. 45.9. H. 0 0: 
F. 44.7%; MW 3401. suhlimaIion poinr 224”. m.p. ?5&2!3’ (scaled 
I&C). IR Y,. 169!.166(. 151?.149?, 1340.1314.1295. IMA. 1120. 
1104. lOR5. 1074. 1034. 1026. 1006.990.8300, 799 and 682cm ‘. I!V 
(CIhanol) A,. 200 (t. 18.X). 231239 (e. 29.200). 262.5 le. 8930) 
and 331 nm (e. 42RO) “f: NMR showed four bar& of equal 
mtcnGIy.1wo~tIh6 = ca MppmandIuowiIhd = ca !Rppm 

RcacGons of ocra)Vuomxan~honr 
With zinc and acttic anhydridt. Ocralluoroxanthone (0488) 

and fused sodium aceIaIe (0.9 8) in acetic anhydride (Ill cm’) were 
healed IO lo(p. and zmc dusr (28) was added over I hr. The 
sdurion was hhered. poured in10 waler (50 cm’). ncutraliscd with 
M sodium carbonarc (.(Ocm’) and cxtracIed wiIh ether (3 x IOcm’l 
IO give a colourkss solid which was rccrystallixd from ethanol 
and from acetic acid IO yield oclafluoroxanlhene (0448. 96%) 
(Found. C. 47.8: H. 1.0; F. 46.35%; MW 297 (acetone). C,,H,FX) 
requires: C. 47.9: H. 0 6: F. 46 634: MW 326). m.p. 1?61?7~?. IR 
Y,. 292% 1510. 1489. 1437. lmo!. 1282. 1249. 1169. 1111. 1100. 
1042. 1031. 1004. 973 and 9lJcm I LV (hexan) A _. so’ (t. I - 
25.000). 233 (t. 5Cb40) and 270 nm le. 3460). 

Wirh lithium alrminium hydride. Oclalluoroxanlhonc (0, IS 8) in 
ether (.SOcm’l was added IO lithium alummium hydride (0.15 8) in 
ether (5Ocm’l under niIro8en. and rhe mixture stirred for I.5 hr a1 
z(p. The mixture was poured in10 waler (!&cm’) and 2 M 
hydrochloric acid (.cOcm’) added. The elhereal labcr viclded a 
brown solid whKh was recrysIalliscd from aqueous ace& acid IO 
give pink cryslals of a pcntafluoroxanthhydrol (OG98. 71%) 
(Found: C. Y.6; H. 1.9. C,,H,F,O: requires: C. 54.2; H. 1.7%). 
m.p. 17bl81’. IR Y,... 3330. ,X5. 1516. 14%. 137s. 1322. 1286. 
1267. 1240. 1193. 1180. 1123. 1100. 1078. lo(7. 1010.986.931.894 
and 722cm ‘. 

Wirh anihnc. OcIafluororanIhone (0.1598) was healed with 
freshly disIilkd aniline (I.5 cm’1 a1 9(p for IOmIn. The yellow 
solution was vrcd into 2 M hydrochbnc acid (50 cm’) IO 8ivc a 
yellow solid. whch was rccrysIalliscd from aqueous cIhanol IO 
8ive an anilinoheptiuoroxanrhonc (0.176.91s) (Found: C. 56.3; 
H. 1.6. N. 3 4. C,.H.F,NO, requlrcs: C. 55.2; H. 1.5; N. 3.4%). 
m p. 2OtL202+. IR Y,.. 326lt. 16Sl. l!92. Isso. 1521. 1501. 1471. 
1266. 1193. 1019 and 681 cm ’ 

With i.roprop$amint. OcIalluoroxanthonc (72 mg) was srined 
wtlh nopropykminc (2Ocm’) a1 II for 24 hr The s&lion was 
fillered and cvaporarcd IO dryness. and the producr ncrystalliscd 
from ethanol IO yield a pale yellow solid. Probably a triisopropyl- 
ammopcnIalluoroxanIhone (0.0348. 34%) (Found: N. 9.6. 
C,:H,.F,N,O, requires: N. 9.3) m.p. 125126’ IR Y,.. 3317. 

3228. 2977. 1662. 1631. 1535. 1%. 1468. 1332. 1284. 1202. IIT]. 
IO18 pnd 9Plcm”. 

With nuthanolic potassium hydmridt. OctafluoroxantboM 
(06078) was hcarcd under rcllux with 10% metham& potassium 
hydroxide (Mcm’) for I3 hr. The yellow precipitate was collected 
and dried a1 %(p in racuo for 3 days to 8ivc the dipotassium sah d 
a dihydroxydimeIhox~ctra.lY~oxanthonc (O.Sl68,669t) (Found: 
C. 43.7. H. 2.3. C,,H.F,O.K, rquircs: C. 41.3; H. 1.4%) 
m.p. > MO”. IR Y,.. 2936.2816. 1628.l536.1492. 1471. 1432.1361. 
1337. I?R7. 1208. 1138. 1069. 1032. 1011. 979. 945. 918. 797 and 
674 cm ’ This s-ah was dissolved in waler l.Wcm’) and acidifKd 
with 2 M hydrochloric acid (.SOcm’). The colourkrs prccipilatc 
was rccrycIalhwd from mcrhanol IO 81vc dlhydroxydimerhoxy. 
IeIralluoroxanIhone (0.3058. 724) (Found: C. 49.9; H. 2.8%. F. 
20.85%; MW (CHCI,~ 455. C,,H.F.O. requires. C. 50.0. H, 2.2; F. 
2l~ll!Z-; MW 360). m.p. l67-l6y. IR Y,.. 3.Mo. 2961. 2865.2616. 
1664. 1621. 1597. 1528. 1492. l4?2. 1444. 1387. 1334. 1300. 1281. 
1209. I I4i. IlO7.107!. 1042.1019.9R3.943.917.802 and 676cm’ ‘. 

Rracrion of dihydmx$imtrhoxyrttrafluoroxonrhont with mnal 
ions 

Merhanolic solutions of rhe dihydroxydimcrhoxytetra. 
lluoroxanrhone were acidifkd and Ihen Ireared with solutions 
containing vtiu$ meral ions. Lead (II). silver. nickel (II). zinc. 
manganese (II). COMI (II). barium and cadmium gave no visibk 
reaclion. Iron (II). lhorium (II). zirconium (II). vanadium IV) and 
ccrlum (IV) gdvc yellow colwrs or prccipIIaIes suggesting 
complex formalion. 

Oxidarion of ocrafluomxanlhont 
Wirh porarrium ptrmanganalt OcIalluomxanIhom (0.05 8) 

was oxidised wiIh polassium pcrmanganale (0.11 8) in acelone 

(I cm’). and the mixture pound into water and exlractcd with 
erhcr. No producl was lsolaIcd indicating complcre breakdown. 

With fuming niltic acid. Oclahoroxan1hme (0.368) was 
healed wiIh fuming nitric acid ( IOcm’l at 90” for I hr. The mixture 
was poured in10 waler (IIMcm’) IO 8ive a yellow precipitate 
(0.0398) (Found. C. 45.7: H. 1.0; N. 0.m). m.p. 260” (dcc). IR 
Y,. similar IO octalluoroxanrhone wirh addirional bands a1 2910. 
1589. 1418 and 773cm ‘. The tihra~c was cxtracIed with ether 
(5 x IO cm’) IO give an ether soluble producI(O.85 8). m.p. l22-I?$ 
and a waler colubk pmduc1 (0.1378). m.p. > MO”. which 
conlaincd fluoride mns. S;blimaIion of both Ih& producrs 8ave a 
colourlesc sohd (0.058). m.p. 969lP IR Y,.... 331s. 3318. 1835. 
176!. 1679. 1430. 1118. 1100.990. 945. Al?, 765 and 725cm ‘. 
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